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Introduction
It is known that the monochromatic photon beam interaction with atoms may be converted into photons the frequencies of which are harmonics of the original frequency . Channeling phenomena occur when a charged particle beam enters a single crystal at small angle with respect to the crystallographic axis or plane (the trajectory of a positively charged particles, which moves along the major plane of a single crystal near the center of the channels, has a particular stability during channeling). The entrance angle must be smaller than the critical Lindhard angle θ< = , Lindhard (1965) , where ~ Z is the effective depth of continuous channeling potential, R is the atom radius, d is the lattice constant and E is the total relativistic energy of the incident particle, Kalashnikov (1988) , Baryshevskii (1982) .
Let us consider that the positron moves in channeling mode with energy E. The channeling particles are characterized by the bound quantum states of its transversal motion (Fig.1) . In the longitudinal direction the potential which responsible for the plane channeling is constant (the continuous potential does not depend upon the longitudinal coordinate, Kalashnikov (1988) , Baryshevskii (1982) ). The particles propagating in the planar channeling mode may be treated in the co-moving reference system (CCS) (co-moving reference system is moving with the longitudinal velocity of the channeling particle v = , β = ) as an «one-dimension» atom, the emission spectrum of which is significantly affected by the Doppler effect. Important is that the transverse motion of a particle inside a channel is bound and its energies are discrete according with quantum approach. The wave functions of leptons have to be calculated precisely as the decision of Schrödinger equation with continuous channeling potential. The continuous channeling potential is obtained by averaging the potentials of atoms, constituting the crystal axis or plane, Kalashnikov (1988) , Baryshevskii (1982) . In planar case it looks like shown at Fig 1.
Photons interaction with the channeling particles in a single crystal may be accompanied by the energy transitions between the transverse motion levels of channeling particles. In this case the longitudinal momentum of positron is conserved:
(1) , ( ) (2) The transversal momentum components of positively charged particles are quantized in the continuous potential of the crystallographic planes = p . The quantized energies of a channeled particle in the accompanying reference coordinate system depend upon the channeled particle energy E, because of the continuous potential of the crystallographic planes depends on the channeled particle energy ( = γ U(x), where U(x) is the continuous potential of the crystallographic planes in the laboratory reference coordinate system, γ = is the channeled particles Lorentz -factor). The channeled particles can execute the transitions between the transversal motion zones (levels), Kalashnikov (1988) , Baryshevskii (1982) . Thus, the laser photon interaction with the channeled positrons can give rise to the Raman scattering of photons, i.e. Stokes and anti-Stokes components in photon spectrum. The photon combination (Raman) scattering by the quasibound channeling particles leads to the appearance of a frequency combination of the incident photon frequency and the frequency shift Δ . In the case of three photons Raman type transition, i.e. the process of the simultaneous absorption of two photons with the frequency we observe the photon emission with the frequency =2 ± , where ħ ; Δ is the transition energy between «i» and «f» transversal motion quantum states.
Kinematics of the nonlinear Raman scattering of photons by «bound» channeled positrons
The elemental three photons Raman type transition is the process of the simultaneous absorption of two photons with the frequency we observe the photon emission with the frequency ħ = + 2 -, where and are the energies of the initial and final states of the channeled particle. The nonlinear Raman scattering amplitude of photons by «bound» channeled positrons would be written by the sum of the third order Feynman diagrams, Berestetskii (1982) :
Fig.2. The third order Feynman diagrams for the photons Raman nonlinear scattering
The basic characteristic of the photons Raman nonlinear scattering can be obtained by means the energy and longitudinal momentum conservation laws. Let us consider the interaction between the channeled positron with momentum (and energy ) and the photon with momentum (and energy ħ ). In the result of the interaction process the photon with momentum (and energy ħ ) is radiated and the positron momentum (and energy) in the final state takes on values ( ). In this reaction the total system energy and the longitudinal system momentum are conserved (1-2). In the case of the ultrarelativistic positron the longitudinal momenta in the initial and the final states can be written:
where and are the quantized energies of the transversal motion in the initial and the final states. By using (3) expression (2) can be written in the form:
where ω=kc;
For the ultra-relativistic planar channeled positrons ( we rewrite the expression (4) in the following form:
( -) β + ( cos -cos θ) -β( ) = 0 (5) This expression can be simplified for the case of the straight ahead Raman nonlinear scattering: cos = 1 (i.e. =0) and cos θ =1 (i.e. θ=0):
The frequency shift and its dependence on the channeled particle energy can be obtained in the simple cases of the continuous potential of the crystallographic planes. If the Kronig-Penney potential is used as the approximation of the continuous planar potential we have for the quantized energies:
(where n =1,2,3,…; d is an interplanar distance)
For the transitions between the levels with the fixed values of (n, m) the frequency shift is determined by the relation
For the transitions between the neighboring levels (m = n + 1) the frequency shift is equal to =2 , where n =1,2,3,…
The differential cross section of the Raman nonlinear scattering of photons by the channeled positrons
Let us consider the elemental tree photons Raman type transition, i.e. the process of the simultaneous absorption of two photons with the frequency and the photon emission with the frequency . In the co-moving reference system which moves with the velocity = , the positron populates transversal energy levels (Fig. 1) . Lindhard (1965) , Kalashnikov (1988) . In this co-moving reference system the positron can be considered as nonrelativistic quantized «one-dimension» (for planar channeling) object and «two-dimension» (for axial channeling) object. This means that in co-moving reference system we have possibility to consider the nonrelativistic bound positron. The differential cross section of this process is well known, Loudon (1962), Berestetskii (1982) . By using the standard Feynman diagrams technique let us consider the electromagnetic interaction between the photon with momentum (and energy ħ and the polarization ) and the channeled positron with energy which is described by the wave function (x) = (x) . In the result of the scattering the photon with momentum (and energy ħ ) and the polarization is produced but the positron transits to the state with energy , which is described by the wave function (x) = (x) . For the transversal component of the positron wave function u k (x) we use the one-dimension Schrödinger equation, Kalashnikov (1988) 
) where is the rest positron energy, ε k are the allowed discrete transversal energies of the positron in the planar channel with potential U(x) (Fig. 1) , numbered by index k = 1,2,3…. We consider the nonrelativistic approximation when photons energies are rather small respect to the rest positron energy 
i.e. =
The function| characterizes the orientation dependence of the Raman nonlinear scattering of photons by the channeled positrons. The angular maximum half-width coincides by an order of magnitude with the critical Lindhard angle.
The differential cross section of the Raman nonlinear scattering of photons is concerned with the matrix element by the following expression:
.
By integrating respect to d , it is obtained easily:
, (19) where is the dipole undulator momentum.
